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APPARATUS FOR CONTROLLING A
BICYCLE GEAR SHIFT DEVICE BASED ON
MOVEMENT OF THE DEVICE

BACKGROUND OF THE INVENTION

The present invention 1s directed to bicycles and, more
particularly, to an apparatus for controlling a bicycle shift
device based on movement of the bicycle shift device.

Bicycle transmissions that comprise front and rear
derailleurs or internal hub transmissions are well known. In
derailleur transmissions, the front derailleur shifts a chain
among a plurality of front sprockets that are coaxially
mounted to the pedal crank shaft, and the rear derailleur shifts

the chain among a plurality of rear sprockets that are coaxially
mounted to the rear wheel. Internal hub transmissions include
a planetary gear mechanism disposed inside of a wheel hub
and a clutch mechanism that switches the planetary gear
mechanism to provide a plurality of power transmission
paths. It 1s also known to use electric motors to operate the
front and rear derailleurs or the internal hub transmission.

Such a system 1s shown 1n Japanese Patent Application No.
2002-87371.

Electrically operated bicycle transmissions may operate
manually or automatically. In manually operated electrical
bicycle transmissions, a button or lever on a shiit control
device mounted to the bicycle handlebar 1s manipulated so
that a gear shiit command 1s output to operate the motor and
upshift or downshiit the bicycle transmission accordingly. In
automatically operated electrical bicycle transmissions, gear
shift commands are generated automatically based on bicycle
speed.

In conventional electrically operated bicycle transmis-
sions, when a gear shift command 1s received, the motor 1s
operated continuously until gear shifting 1s completed. How-
ever, 1n derailleur-based transmissions, when a large amount
of power 1s required to move the derailleur from one sprocket
to another, such as when there 1s a problem with the chain, or
when the gear shift operation 1s carried out when the bicycle
1s stationary, the motor may become overloaded and stop
moving during the gear shift operation. Similarly, with inter-
nal hub transmissions, 1t may be difficult to operate the clutch
mechanism during strong pedaling forces, and again the
motor may become overloaded and stop moving during the
gear shift operation. Because the derailleur or internal hub
transmission has not arrived at the next gear position when the
motor stops moving in such situations, electric power contin-
ues to be supplied to the motor. As aresult, electric power may
be wastetully supplied from the battery or other power supply,
thereby shortening the life of the power supply.

SUMMARY OF THE INVENTION

The present mvention 1s directed to various features of an
apparatus for controlling a gear shift device. In one embodi-
ment, an apparatus for controlling a gear shiit device com-
prises a gear shift controller that operates the gear shift device
from a first gear position to a second gear position during a
gear shift operation, a movement sensor that detects move-
ment of the gear shift device, a timer, and a gear shift stopping,
unit that provides a signal to the gear shift controller to stop
the gear shift operation when the timer measures a first time
interval during which the movement sensor does not sense
movement of the gear shift device. Additional inventive fea-
tures will become apparent from the description below, and
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2

such features alone or 1n combination with the above features
may form the basis of further inventions as recited in the
claims and their equivalents.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a side view of a particular embodiment of a
bicycle;

FIG. 2 1s a front view of particular embodiments of brake
lever assemblies mounted to the bicycle handlebar;

FIG. 3 1s a side view of the front brake lever assembly;

FIG. 4 1s a front view of the front brake lever assembly;

FIG. 5 1s a schematic diagram of the front and rear sprocket
assemblies:

FIG. 6 1s a schematic block diagram of a particular embodi-
ment of a derailleur control apparatus;

FIG. 7 1s a detailed view of a particular embodiment of a
front derailleur;

FIG. 8 1s a detailed view of a particular embodiment of a
rear derailleur;

FIGS. 9A and 9B provide a flow chart of a particular
embodiment of the operation of the derailleur control appa-
ratus,;

FIG. 10A 1s a timing diagram of the operation of a motion
sensor during a normal gear shiit operation;

FIG. 10B 1s a timing diagram of the operation of a motion
sensor during an abnormal gear shiit operation;

FIG. 11 15 a side view of an alternative embodiment of a
front brake lever assembly;

FIG. 12 1s a schematic block diagram of another embodi-
ment of a derailleur control apparatus;

FIGS. 13A and 13B provide a flow chart of a particular
embodiment of the operation of the derailleur control appa-
ratus shown 1n FIG. 12;

FIG. 14 A 1s a timing diagram of the operation of a motion
sensor during a normal gear shift operation for the embodi-
ment shown 1n FIG. 12; and

FIG. 14B 1s a timing diagram of the operation of a motion
sensor during an abnormal gear shift operation for the
embodiment shown 1n FIG. 12.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(Ll

FIG. 1 1s a side view of a bicycle 101 that includes particu-
lar embodiments of electrically controlled components.
Bicycle 101 1s a road bicycle comprising a diamond-shaped
frame 102, a front fork 98 rotatably mounted to frame 102, a
handlebar assembly 104 mounted to the upper part of fork 98,
a front wheel 106/ rotatably attached to the lower part of fork
98, a rear wheel 1067 rotatably attached to the rear of frame
102, and a drive unit 1035. A front wheel brake 107f1s provided
for braking front wheel 106/, and a rear wheel brake 1077 1s
provided for braking rear wheel 1067

Drive unit 105 comprises a chain 935, a front sprocket
assembly 99/ coaxially mounted with a crank 96 having ped-
als PD, an electrically controlled front derailleur 977 attached
to a seat tube 1024 of frame 102, a rear sprocket assembly 997
coaxially mounted with rear wheel 1067, and an electrically
controlled rear derailleur 97». As shown 1n FIG. 5, front
sprocket assembly 997/ comprises two coaxially mounted
sprockets F1-F2, and rear sprocket assembly 997 comprises
ten sprockets R1-R10 mounted coaxially with an axle 145
(F1G. 7) of rear wheel 1067. The number of teeth on front
sprocket F1 1s less than the number of teeth on front sprocket
F2. The numbers of teeth on rear sprockets R1-R10 gradually
decrease from rear sprocket R1 to rear sprocket R10. As a
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result, rear sprocket R1 has the greatest number of teeth, and
rear sprocket R10 has the least number of teeth.

Front derailleur 97/ moves to two operating positions to
switch chain 95 between front sprockets F1 and F2 using a
front derailleur motor 97fm (FIG. 6), and rear derailleur 977
moves to ten operating positions to switch chain 95 among
selected ones of the rear sprockets R1-R10 using a rear
derailleur motor 97rm. A front gear position sensor 133/
comprising optical sensors PHO-1 and PHO-2 senses move-
ment and direction of movement of front derailleur motor
97fm as well as the operating position of front derailleur 97f.
Similarly, a rear gear position sensor 1337 comprising optical
sensors PHO-1 and PHO-2 senses movement and direction of
movement of rear derailleur motor 977m as well as the oper-
ating position of rear derailleur 97r. Each optical sensor
PHO-1 emuts first pulses in response to rotation of a motor
shaft, for example, 1n 1ts corresponding motor, and each opti-
cal sensor PHO-2 emits second pulses in response to rotation
of the motor shaft of 1ts corresponding motor. The second
pulses have a different phase from the first pulses. Thus, the
gear positions of the derailleurs 97f and 97» can be detected
by counting the number of these emitted pulses, and the
rotational directions of the motors 97f/m and 97rm, and
thereby the gear shift directions, can be detected based on
which of the two optical sensors PHO-1 and PHO-2 outputs a
pulse first.

As shown 1 FIG. 7, front derailleur 97f comprises a
mounting member 150 for attaching front derailleur to seat
tube 1024, a bracket 151 attached to mounting member 150,
a motor drive 152 mounted to bracket 151 for housing rear
derailleur motor 97fm, a deceleration mechanism (not shown)
and front gear position sensor 133/, a link mechanism 153
pivotably connected to bracket 151, and a chain guide 154
pivotably mounted to link mechanism 153. Chain guide 154
moves laterally relative to bracket 151 1n accordance with the
operation of front derailleur motor 97/m to switch chain 935
between front sprockets F1 and F2.

As shown 1n FIG. 8, rear derailleur 977 comprises a base
member 140 that houses a rear derailleur motor 97rm, a
deceleration mechanism (not shown) and rear gear position
sensor 1337, a link mechamism 141 pivotably connected to
base member 140, and a movable member 142 pivotably
mounted to link mechanism 141. Movable member 142
moves laterally relative to base member 140 1n accordance
with the operation of rear derailleur motor 97rm. Movable
member 142 pivotably supports a chain guide 143 so that
lateral movement of movable member 142 switches chain 935
among rear sprockets R1-R10.

As shown 1n FIG. 1, handlebar assembly 104 comprises a
handlebar stem 111 and a drop-style handlebar 112, wherein
handlebar stem 111 1s mounted to the upper part of fork 98,
and handlebar 112 1s mounted to the forward end portion of
handlebar stem 111. As shown 1n FIG. 2, brake lever assem-
blies 113/ and 113~ are mounted at opposite sides of handle-
bar 112. Brake lever assembly 113/ controls the operation of
front wheel brake 107/, and brake lever assembly 1137 con-
trols the operation of rear wheel brake 1077. A derailleur
control device 110 1s mounted to a central portion of handle-
bar 112.

Brake lever assemblies 113/ and 1137 comprise respective
brake brackets 115/ and 1157 mounted to the forward curved
portions of handlebar 112, and brake levers 116f and 1167
pivotably mounted to brake brackets 115/ and 1157. Front
shift control devices 120/ and 121/ with switch levers 1235 are
mounted to the inner side of brake bracket 115/ and to the rear
side of brake lever 116f, respectively, to control the operation
of front derailleur 97/. In this embodiment, front shift control
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4

devices 1207 and 121/ 1independently control the operation of
tront derailleur 971 so that the rnder may control the operation
of front derailleur 97f with the hand grasping brake bracket
115/ or with the hand grasping brake lever 116f. As shown 1n
FIG. 3, the switch lever 125 mounted to brake lever bracket
115/ rotates downward from a home position PO to a first
position P1 and rotates upward from home position PO to a
second position P2 to control the operation of front derailleur
97f. As shown 1n FIG. 4, the switch lever 125 mounted to the
rear of brake lever 116f rotates laterally inward from a home
position PO to a first position P1 and rotates laterally outward
from home position PO to a second position P2 to control the
operation of front derailleur 97f. Similarly, independent rear
shift control devices 1207 and 1217 with switch levers 1235 are
mounted to the inner side of brake bracket 1157 and to the rear
side of brake lever 1167, respectively, to control the operation
ol rear derailleur 977. The switch levers 125 mounted to brake
lever bracket 1157 and brake lever 1167 operate in the same
manner as switch levers 125 mounted to brake lever bracket
115/ and brake lever 116f. All of the switch levers 125 are
biased toward the home position P0.

A Tront upshift switch 131/ (FIG. 6) and a front downshiit
switch 132/ are mounted 1n each front shift control device
120/ 'and 121/. The front upshift switches 131f operate when
switch levers 125 1n front shift control devices 120f and 121/
rotate from position P0 to position P1, and the front downshiit
switches 132/ operate when switch levers 125 1n front shift
control devices 120f and 121/ rotate from position PO to
position P2. Similarly, a rear upshift switch 1317 and a rear
downshiit switch 1327 are mounted in each rear shiit control
device 1207 and 1217. The rear upshift switches 1317 operate
when switch levers 125 1n rear shift control devices 1207 and
1217 rotate from position PO to position P1, and the rear
downshiit switches 1327 operate when switch levers 125 1n
rear shift control devices 1207 and 1217 rotate from position
PO to position P2. Of course, many different switch combi-
nations that operate in many different ways may be provided
to suit different applications.

As shown 1in FIGS. 2 and 6, derailleur control device 110
comprises a case 126 mounted onto the central portion of
handlebar 112. Mounted within case 126 are a control umit
130 and a liquid crystal display (LCD) 135 for displaying
riding parameters and other information. Front derailleur 97/
with front derailleur motor 97/m, rear derailleur 97 with rear
derailleur motor 97rm, front upshift switch 131/, front down-
shift switch 132/, rear upshiit switch 1317, rear downshiit
switch 1327, front gear position sensor 133/, rear gear posi-
tion sensor 1337 and other I/0O units are connected to control
unit 130 through appropriate methods such as wired or wire-
less devices. A storage unit such as a memory 138 stores
various parameters used in the operation of control unit 130.
For example, the operating (sprocket) positions (FP, RP)
based on the front sprockets FS (S8=1, 2) and rear sprockets RS
(S=1-10) for the front and rear derailleurs 97f and 977 are
stored 1n accordance with values detected by gear position
sensors 133/ and 1337. As shown 1n FIGS. 1 and 6, a speed
sensor 122 1s mounted to fork 98 to sense the passage of a
magnet 123 mounted to a spoke 106s of front wheel 106s and
to provide speed indicating signals to control umt 130. A
battery or some other power supply 137 powers control unit
130, front and rear derailleurs 97fand 97r, and other electrical
components described herein 1n a known manner.

In this embodiment, control unit 130 comprises a pro-
grammed microprocessor. Control unit 130 1ncludes a gear
shift controller 130a, a gear shift stopping unit 1305 and a
timer 130c. Gear shift controller 130a controls the operation
of front derailleur 97/ and rear derailleur 97 to shift chain 95
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the distance from an origin sprocket to a destination sprocket

in accordance with signals received from front and rear
upshift switches 131/ and 1317, front and rear downshiit
switches 132/ and 1327, and front and rear gear position
sensors 133/ and 133~. Control unit 130 also displays speed, 5
gear positions, and running distance on LCD 135 based on
signals received from speed sensor 122 and gear position
sensors 133/ and 133». Gear shait stopping unit 1305 provides
signals to gear shift controller 130q to stop a gear shift opera-
tion if gear shift stopping unit 1305 1s unable to detect, during 10
the gear shift operation, rotation of front derailleur motor
97fm.

FIG. 10A 1s a timing diagram of the operation of optical
sensors PHO-1 and PHO-2 1n front gear position sensor 133/
during a normal gear shiit operation, whereas FIG. 10B 1s a 15
timing diagram of the operation of optical sensors PHO-1 and
PHO-2 1n front gear position sensor 133/ during an abnormal
gear shift operation, such as when the bicycle 1s not being
pedaled and front derailleur 97f encounters significant resis-
tance while attempting to shift chain 95 from one front 20
sprocket to another. IT a pulse change 1s not detected for a time
interval t1 or t2 measured by timer 130¢, then gear shiit
stopping unit 1305 may provide a signal to gear shift control-
ler 130a to stop the current gear shift operation. Time 1nter-
vals t1 and 12 may represent time intervals for upshifting and 25
downshifting operations of front derailleur 97/, respectively.
Each time 1nterval t1 and t2 may be set to a value less than a
maximum time needed to complete a gear shift operation
(e.g., less than 100 milliseconds). A typical value for time
interval t1 may be 1n a range of from approximately 50 mil- 30
liseconds to approximately 80 milliseconds, such as 60 mil-
liseconds. Gear shiit controller 130a also controls front motor
97fm such that, after the gear shift operation has been stopped.,
chain guide 154 of front derailleur 97f returns to the original
gear position prior to the attempted gear shift operation. 35
Because chain guide 154 returns to the original gear position,
gear shifting can be resumed smoothly after being stopped.

FIGS. 9A and 9B provide a flow chart of a particular
embodiment of the operation of control unit 130. Initializa-
tion 1s carried out 1n a step S1 when power 1s supplied to 40
control unit 130. In this step, various tlags and variables are
reset and operating positions (FP, RP) are set to predeter-
mined values and stored in memory 138. It 1s then determined
in a step S2 whether or not a front upshiit switch 131/has been
turned on as a result of a switch lever 125 1n front shift control 45
device 120/ or 121/ rotating from position PO to position P1.

If so, 1t 1s then determined 1n a step S10 whether or not front
derailleur 97/ currently i1s at the operating position for
sprocket F2 based on signals from front gear position sensor
133/. If so, then no further upshifting 1s possible, the upshift 50
request 1s 1gnored, and processing continues at a step S3.
Otherwise, a front upshift flag FSU 1s set 1n a step S11, gear
shift controller 130q provides a signal to start front derailleur
motor 97/m 1n a step S12 so that front derailleur 97f begins to
switch chain 935 from sprocket F1 to sprocket F2, and a timer 55
T1, which 1s a component of timer 130c¢ used to measure the
time 1nterval t1, 1s started 1n a step S13. In this embodiment,
front upshiit flag FSU 1s set at the beginning of the shiit
control operation and is reset at the end of the shiit control
operation. In other words, front upshift flag FSU indicates a 60
pending upshiit operation.

In any event, 1t 1s then determined in step S3 whether or not
tront upshiit tflag FSU has been set. If so, 1t 1s then determined
in a step S14 whether or not the gear shift operation has
completed (1.e., chain guide 154 1s positioned at front 65
sprocket F2) based on the output from front gear position
sensor 133/ and the data stored in memory 138. If so, then

6

front upshift flag FSU and timer T1 both are reset 1n a step
S19, and processing continues at step S4. On the other hand,
if the gear shift operation has not yet completed, 1t 1s then
determined 1n a step S15 whether or not timer T1 has com-
pleted measuring the selected time interval t1. IT so, then gear
shift stopping unit 1305 provides one or more 51gnals to gear
shift controller 130a to stop the gear shift operation 1n a step
S16 (whereupon gear shift controller 130a stops the supply of
power to front derailleur motor 97fm), front upshitt tlag FSU
1s reset 1 a step S17, and then gear shiit controller 130q
controls the supply of power to move front derailleur motor
97f/m 1n the reverse direction 1n a step S18 to return chain
guide 154 to the position for front sprocket F1, thereby pre-
venting the wasteful use of power supply 137. Processing
then continues at step S4.

It 1s then determined in step S4 whether or not a front
downshift switch 132/ has been turned on as a result of a
switch lever 125 in front shift control device 120f or 121/
rotating from position PO to position P2. If so, 1t 1s then
determined 1n a step S20 whether or not front derailleur 97f
currently 1s at the operating position for sprocket F1. It so,
then no further downshifting 1s possible, the downshiit
request 1s 1gnored, and processing continues at step S5. Oth-
erwise, a front downshiit flag FSD 1s set 1n a step S21, gear
shift controller 130a provides a signal to start front derailleur
motor 97/m 1n a step S22 so that front derailleur 97f begins to
switch chain 93 from sprocket F2 to sprocket F1, and a timer
12, which 1s a component of timer 130¢ used to measure the
time 1nterval {2, 1s started 1n a step S23. In this embodiment,
time interval 12 set for downshifting 1s shorter than the time
period t1 set for upshifting because front derailleur 97f takes
less time to perform downshifting than 1t does to perform
upshifting. Thus, 1f time interval t1 for upshiiting is set to 60
milliseconds, then time interval t2 for downshifting may be
set to approximately 50 milliseconds, for example. As with
tront upshift flag FSU, front downshift flag FSD 1s set at the
beginning of the shitt control operation and 1s set at the end of
the shift control operation. In other words, front downshiit
flag FSD 1ndicates a pending downshift operation.

In any event, it 1s then determined 1n step S5 whether or not
front downshiit flag FSD has been set. 11 so, 1t 1s then deter-
mined 1n a step S24 whether or not the gear shitt operation has
completed (1.e., chain guide 154 1s positioned at front
sprocket F1). If so, then front downshiit flag FSD and timer
12 both are reset 1n a step S29, and processing continues at
step S6 1n FIG. 9B. On the other hand, if the gear shift
operation has not yet completed, 1t 1s then determined 1n a step
S25 whether or not timer T2 has completed measuring the
selected time 1nterval t2. If so, then gear shift stopping unit
1306 provides one or more signals to gear shift controller
130a to stop the gear shift operation in a step S26 (whereupon
gear shift controller 130a stops the supply of power to front
derailleur motor 97fm), front downshiit flag FSU 1s reset1n a
step S27, and gear shift controller 130a controls the supply of
power to move front derailleur motor 97/m 1n the reverse
direction 1n a step S28 to return chain guide 154 to the posi-
tion for front sprocket F2, thereby preventing the wastetul use
of power supply 137. Processing then continues at step S6 1n
FIG. 9B.

It1s then determined 1n step S6 whether or not a rear upshiit
switch 1317 has been turned on as a result of a switch lever
125 1n rear shift control device 1207 or 1217 rotating {from
position PO to position P1. If so, 1t 1s then determined 1n a step
S31 whether or not rear derailleur 977 currently 1s at the
operating position for sprocket R10 based on signals from
rear gear position sensor 1337 If so, then no further upshifting
1s possible, the upshift request 1s 1gnored, and processing
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continues at a step S7. Otherwise, gear shift controller 130a
controls the supply of power to rear derailleur motor 977w 1n
a step S32 so that rear derailleur 97 switches chain 95 to the
next higher rear sprocket.

In any event, 1t 1s then determined in step S7 whether ornot 5
a rear downshift switch 132~ has been turned on as a result of
a switch lever 125 1n rear shiit control device 1207 or 121~
rotating from position PO to position P2. I so, 1t 1s then
determined 1n a step S33 whether or not rear derailleur 977
currently 1s at the operating position for sprocket R1. If so, 10
then no further downshifting 1s possible, the downshiit
request 1s 1ignored, and processing returns to step S2 1n FIG.
9A. Otherwise, gear shift controller 130a controls the supply
of power to rear derailleur motor 97»m 1n a step S34 so that
rear derailleur 977 switches chain 935 to the next lower rear 15
sprocket. Processing then returns to step S2 1n FIG. 9A.

In the embodiment described above, gear shift controller
130a controlled the supply of power to move front derailleur
motor 97/m 1n the reverse direction to return chain guide 154
to the original front sprocket F1 or F2 immediately in 20
response to a single detection of an abnormal gear shift opera-
tion. F1G. 12 1s a schematic block diagram of another embodi-
ment of a derailleur control apparatus, wherein multiple
attempts may be made to successiully shift front derailleur
97f from an origin front sprocket to a destination front 25
sprocket before aborting the gear shift operation. Once the
gear shift operation 1s aborted, the derailleur control appara-
tus may prohibit any further gear shift attempt until the pro-
hibition 1s canceled.

In FIG. 12, components that are the same as the compo- 30
nents described 1n the first embodiment are numbered the
same and are not described 1n detail. As shown 1n FIG. 12,
control unit 130 further includes a gear shiit continuing unit
1304 that provides signals for retrying a gear shift operation
alter a time 1nterval t3 (FIG. 14B) has elapsed from a previ- 35
ously stopped gear shift operation, a stop event counter 130e
for counting a number of times a gear shift operation has been
stopped by gear shift stopping umt 1305, a first prohibition
unit 130/ Tor providing signals that prohibit further gear shift
operations when the number of stopped gear shift operations 40
passes a selected value, a second prohibition unit 130g for
providing signals that prohibit further gear shift operations
when power supply 137 has a selected characteristic, and a
prohibition canceling unit 130/ for providing signals to can-
cel a previously established prohibition. The optical sensors 45
and derailleur motors shown in FIG. 6 have been omitted for
convenience, but those components still exist in this embodi-
ment.

FIG. 14A 1s a timing diagram of the operation of optical
sensors PHO-1 and PHO-2 in front gear position sensor 133/ 50
during a normal gear shiit operation, whereas FIG. 14B 1s a
timing diagram of the operation of optical sensors PHO-1 and
PHO-2 1n front gear position sensor 133/ during an abnormal
gear shift operation, such as when the bicycle 1s not being
pedaled and front derailleur 97f encounters significant resis- 55
tance while attempting to shift chain 95 from one front
sprocket to another. As in the first embodiment, 11 a pulse
change 1s not detected for a time interval t1 or t2 measured by
timer 130c¢, then gear shift stopping unit 1305 may provide a
signal to gear shift controller 130a to stop the current gear 60
shift operation. Once again, time 1ntervals t1 and {2 may
represent time intervals for upshifting and downshifting
operations of front derailleur 977, respectively. In this
embodiment, time interval t3 1s measured from the time the
gear shift operation 1s stopped. Time 1nterval t3 may have a 65
value of from approximately 200 milliseconds to approxi-
mately 300 milliseconds, such as 250 milliseconds.
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Second prohibition unit 130g operates in response to sig-
nals received from a power supply voltage sensor 136 that
senses a voltage of power supply 137. In this embodiment,
second prohibition unit 130g provides signals that prohibit
turther gear shift operations when a voltage of power supply
137 1s below a selected value (e.g., 3.5 volts).

Prohibition canceling unit 130/ operates 1n response to
signals received from a reset switch 139 that may be manually
operated by the rnider. In this embodiment, as shown in FIG.
11, reset switch 139 may have the form of a push button
switch mounted to an 1nner side of brake lever bracket 115/ of
front brake lever assembly 113/,

FIGS. 13A and 13B provide a flow chart of a particular
embodiment of the operation of control unit 130 shown 1n
FIG. 12. Imtialization 1s carried out 1n a step S41 when power
1s supplied to control unit 130. In this step, as in the first
embodiment, various flags and variables are reset and oper-
ating positions (FP, RP) are set to predetermined values and
stored 1n memory 138. It 1s then determined 1n a step S42
whether or not a front upshiit switch 131/ has been turned on
as a result of a switch lever 125 1n front shift control device
120/ or 121/ rotating from position P0 to position P1. If so, it
1s then determined 1n a step S51 whether or not a value N
stored 1n stop event counter 130e 1s equal to three. In this
embodiment, gear shift controller 13056 will retry the upshait
operation three times before first prohibition unit 130/ pro-
vides signals to prevent any further upshift attempts. Thus, 1T
the value stored 1n stop event counter 130e 1s equal to three, a
front continue upshift flag FCU 1s reset 1n a step S53, and the
process continues at a step S43. As a result, 1f a particular
upshift operation has been stopped three times, further gear
shift operations are prohibited even if an upshift operation
command 1s subsequently 1ssued.

On the other hand, 1f the value N stored 1n stop event
counter 130e 1s not equal to three, 1t 1s then determined 1n a
step S52 whether or not front derailleur 97f currently 1s at the
operating position for sprocket F2 based on signals from front
gear position sensor 133/, If so, then no further upshifting 1s
possible, the upshift request 1s 1ignored, and processing con-
tinues at step S43. Otherwise, front upshiit flag FSU 1s set in
a step S54, gear shift controller 130a provides a signal to start
front derailleur motor 97/m 1n a step S55 so that front
derailleur 97f begins to switch chain 95 from sprocket F1 to
sprocket F2, and timer T1 1s started 1n a step S56.

In any event, it 1s then determined 1n step S43 whether or
not front upshiit flag FSU has been set. If so, it 1s then
determined 1n a step S57 whether or not the gear shift opera-
tion has completed (1.e., chain guide 154 1s positioned at front
sprocket F2) based on the output from front gear position
sensor 133/ and the data stored in memory 138. If so, then
front upshiit flag FSU and timer T1 both are reset 1n a step
S63, and processing continues at step S44. On the other hand,
if the gear shift operation has not yet completed, 1t 1s then
determined 1n a step S58 whether or not timer T1 has com-
pleted measuring the selected time interval t1. If not, then
processing continues at step S44. If so, then gear shift stop-
ping unit 1305 provides one or more signals to gear shift
controller 130a to stop the gear shift operation 1n a step S59
(whereupon gear shift controller 130a stops the supply of
power to front derailleur motor 97fm), front upshift tlag FSU
1s reset 1n a step S60, a timer T3, which 1s a component of
timer 130¢ used to measure the time interval t3, 1s started 1n a
step S61, and front continue upshiit flag FCU 1s set 1n a step
S62. Processing then continues at a step S44.

It 1s then determined in step S44 whether or not front
continue upshift tlag FCU 1s set. If so, 1t 1s then determined 1n
a step S64 whether or not timer T3 has completed measuring
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the selected time interval t3. If not, then processing simply
continues at step S45 1n FIG. 13B. If timer T3 has completed
measuring the selected time interval t3, then the previously
stopped gear shift operation may be retried (continued).
Accordingly, it1s then determined 1n a step S635 whether ornot 3
the retry operation already 1s 1n process. If not, timer T1 1s
started 1n a step 66 and gear shift controller 130a continues
the previously stopped gear shift operation. In any event, it 1s
then determined 1n a step S68 whether or not the gear shift
operation has completed. 11 so, then the front continue upshiit 10
flag FCU and timers 11 and T3 are reset in a step S75, the
count value N 1n stop event counter 130e 1s set to zero, and
processing continues at step S45 1n FI1G. 135. However, 11 the
gear shilt operation has not completed, 1t 1s then determined

in a step S69 whether or not timer T1 has completed measur- 15
ing the selected time interval t1. If not, then processing simply
continues at step S45 1 FIG. 13B. Otherwise, gear shait
stopping unit 1305 provides signals to gear shift controller
130a to stop the gear shift operation in a step S70, the value N

in stop event counter 130e 1s incremented by one, and 1t 15 20
then determined whether or not the value N 1n stop event
counter 130 1s equal to three. If not, processing continues at
step S45 1n FIG. 13B. Otherwise, front continue upshiit tlag
FCU 1s reset 1in a step S73, gear shift controller 130a controls
the supply of power to move front derailleur motor 97/m inthe 25
reverse direction to return chain guide 154 to the position for
front sprocket F1 1n a step S74, and processing continues at
step S45 1n FIG. 13B.

It 1s then determined 1n step S45 whether or not a front
downshift switch 132/ has been turned on as a result of a 30
switch lever 125 in front shift control device 120f or 121/
rotating from position PO to position P2. I so, 1t 1s then
determined 1n a step S81 whether or not a value M stored 1n
stop event counter 130e 1s equal to three. In this embodiment,
gear shift controller 1305 will retry downshift operations 35
three times before first prohibition unit 130/ provides signals
to prevent any further downshift attempts. Thus, if the value
M stored 1n stop event counter 130e 1s equal to three, a front
continue downshiit flag FCD 1s reset 1n a step S83, and the
process continues at a step S46. On the other hand, if the value 40
M stored 1n stop event counter 130e 1s not equal to three, 1t 1s
then determined 1n a step S82 whether or not front derailleur
9771 currently 1s at the operating position for sprocket F1 based
on signals from front gear position sensor 133/. It so, then no
turther downshifting 1s possible, the downshift request 1s 45
ignored, and processing continues at step S46. Otherwise, a
front downshiit flag FSD 1s set 1n a step S84, gear shiit
controller 130a provides a signal to start front derailleur
motor 97fm 1n a step S85 so that front derailleur 97/ begins to
switch chain 95 from sprocket F2 to sprocket F1, and timer' T2 50
1s started 1n a step S86.

In any event, 1t 1s then determined 1n step S46 whether or
not front downshift flag FSD has been set. If so, 1t 1s then
determined 1n a step S87 whether or not the gear shiit opera-
tion has completed (1.e., chain guide 154 1s positioned at front 55
sprocket F1) based on the output from front gear position
sensor 133/ and the data stored 1n memory 138. If so, then
tront downshiit flag FSD and timer T2 both are reset 1n a step
S93, and processing continues at a step S47. On the other
hand, 1f the gear shift operation has not yet completed, it 1s 60
then determined 1n a step S88 whether or not timer 12 has
completed measuring the selected time interval 2. I not, then
processing simply continues at step S47. If so, then gear shift
stopping unit 13056 provides one or more signals to gear shift
controller 130a to stop the gear shift operation 1n a step S89 65
(whereupon gear shift controller 130a stops the supply of
power to front derailleur motor 97/m), front downshift flag
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FSDisresetin astep S90, timer T3 1s started in a step S91, and
front continue downshiit flag FCD 1s set 1n a step S92. Pro-
cessing then continues at step S47.

It 1s then determined 1n step S47 whether or not front
continue downshiit flag FCD 1s set. I1 so, 1t 1s then determined
in a step S94 whether or not timer T3 has completed measur-
ing the selected time interval t3. IT not, then processing simply
continues at a step S48. If timer 13 has completed measuring
the selected time 1nterval t3, 1t 1s then determined in a step S935
whether or not the retry operation 1s 1 process. If not, then
timer T2 1s started 1n a step S96 and gear shiit controller 130a
continues the previously stopped gear shift operation 1n a step
S97. In any event, it 1s then determined 1n a step S98 whether
or not the gear shift operation has completed. If so, then front
continue downshift flag FCD and timers 12 and T3 are reset
in a step S105, the count value M 1n stop event counter 130e
1s reset to zero, and processing continues at step S48. How-
ever, 1f the gear shift operation has not completed, 1t 1s then
determined 1n a step S99 whether or not timer T2 has com-
pleted measuring the selected time interval 2. If not, then
processing simply continues at step S48. Otherwise, gear
shift stopping unit 1305 provides signals to gear shiit control-
ler 1304 to stop the gear shift operation 1n a step S100, the
value M 1n stop event counter 130e 1s incremented by one in
a step S101, and 1t 1s then determined 1n a step S102 whether
or not the value M 1n stop event counter 130 1s equal to three.
If not, processing continues at step S48. Otherwise, front
continue downshift flag FCD 1s reset in a step S103, gear shait
controller 130a controls the supply of power to run front
derailleur motor 97fm 1n the reverse direction to return chain
guide 154 to the position for front sprocket F2 in a step S104,
and processing continues at step S48.

In any event, voltage sensor 136 reads the voltage of power
supply 137 1n step S48. It 1s then determined 1n a step S49
whether or not the power supply voltage 1s less than a voltage
value VL (e.g., 3.5 volts). It so, then the values M and N 1n
stop event counter 130e both are set to three 1n a step S107 so
that any future requested upshift or downshitt operations will
be 1gnored.

In any event, it 1s then determined 1n a step S50 whether or
not reset switch 139 has been activated. I so, then the values
M and N 1n stop event counter 130e both are reset to zero 1n a
step S108 to cancel any previously set prohibition by first
prohibition unit 1307. Processing then proceeds to step S6 in
FIG. 9B to perform any upshifting or downshifting requested
for rear derailleur 97r. Thereafter, processing returns to step
S42 m FIG. 13A.

In this embodiment, the retry operations carried out fol-
lowing steps S63 and S95 allow a gear shiit operation to be
accomplished after a transient problem 1s eliminated. On the
other hand, if the problem does not resolve 1tsell after three
retries, then chain guide 154 returns to its original gear posi-
tion and front derailleur motor 97/m stops to prevent deterio-
ration 1n the usetul life of power supply 137.

While the above 1s a description of various embodiments of
inventive features, further modifications may be employed
without departing from the spirit and scope of the present
invention. For example, while the first and second embodi-
ments described various unique operations of front derailleur
977/, the teachings herein could be applied to the operation of
rear derailleur 977. While the values of time intervals t1 and 12
were different for upshifting and downshiiting, the time inter-
vals 11 and t2 may be 1dentical. The algorithms shown in
FIGS. 9A, 9B, 13A and 13B are merely examples, and any
algorithm that satisfies the functional construction for the
controller 130 1s acceptable. While the reset operation to
cancel a previously established prohibition was executed
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using a dedicated reset switch 139, the reset operation could
be executed by operating one of the gear shift control units
1207, 1217, 1207 or 121~ 1n a particular manner, such as by
pressing lever 125 for a long period of time or by double-
clicking lever 125.

While a gear shift control apparatus was described using a
road-type bicycle as an example, the present invention may be
applied 1n any type of bicycle having an electric gear shait
apparatus. For example, the teachings herein may be applied
to a motor used to operate a clutch for an mternal hub trans-
mission. While the rotation of front derailleur motor 97 /i was
detected using optical sensors, the rotation may be detected
using many other types of sensors, such as sensors configured
to directly detect the position of chain guide 154 or some
other component. Alternatively, rotation of front derailleur
motor 97/ may be detected using electric current or the like.
While the disclosed embodiments used motors formed inte-
grally with the derailleurs, the teachings herein may be
applied to systems wherein an external motor 1s linked to a
transmission via linking means such as a gear shift cable or a
link.

While the described operations of front derailleur 97/ were
applied to both upshifting and downshifting operations, the
described operations for front derailleur 97f could be disabled
tor the upshift and/or downshift operations using an optional
disabling unit 134 shown 1n FIG. 12. Such disabling also
could be applied 11 the teachings herein were applied to a rear
derailleur. for example, the unmique operations could be dis-
abled during upshifting, which 1s used when riding downhall.
In this case, whether or not to enable or disable an operation
may be determined by detecting the direction of motor rota-
tion via the output from the two optical sensors.

The size, shape, location or orientation of the various com-
ponents may be changed as desired. Components that are
shown directly connected or contacting each other may have
intermediate structures disposed between them. The func-
tions of one element may be performed by two, and vice
versa. The structures and functions of one embodiment may
be adopted 1n another embodiment. It 1s not necessary for all
advantages to be present in a particular embodiment at the
same time. Every feature which 1s unique from the prior art,
alone or 1n combination with other features, also should be
considered a separate description of further inventions by the
applicant, including the structural and/or functional concepts
embodied by such feature(s). Thus, the scope of the invention
should not be limited by the specific structures disclosed or
the apparent initial focus or emphasis on a particular structure
or feature.

What is claimed 1s:

1. An apparatus for controlling a gear shift device based on
movement of the gear shift device, wherein the apparatus
COmprises:

a gear shiit controller that operates the gear shift device

from a first gear position to a second gear position during
a gear shiit operation;

a movement sensor that detects movement of the gear shift

device;

a timer; and

a gear shift stopping unit that provides a signal to the gear

shift controller to stop the gear shift operation while the
gear shift operation 1s 1n progress when the timer mea-
sures a first time 1nterval during which the movement
sensor does not sense movement of the gear shift device
while the gear shift operation 1s in progress.

2. The apparatus according to claim 1 wherein the move-
ment sensor detects rotation of the gear shift device.
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3. The apparatus according to claim 2 wherein the move-
ment sensor detects rotation of a motor of the gear shift
device.

4. The apparatus according to claim 2 wherein the move-
ment sensor comprises an optical rotation sensor.

5. The apparatus according to claim 4 wherein the optical
rotation sensor senses a plurality of pulses during rotation of
the gear shiit device.

6. The apparatus according to claim 5 wherein the plurality

of pulses indicate a direction of rotation of the gear shait
device.

7. The apparatus according to claim 1 further comprising a
power supply characteristic sensor that senses a characteristic
of a power supply, wherein the gear shift stopping unit pro-
vides the signal to the gear shiit controller to stop the gear
shift operation 1n response to a selected power supply char-
acteristic.

8. The apparatus according to claim 7 wherein the power
supply characteristic comprises a voltage of the power supply.

9. The apparatus according to claim 8 wherein the gear shift
stopping unit provides the signal to the gear shiit controller to
stop the gear shift operation when the voltage of the power
supply 1s below a selected value.

10. The apparatus according to claim 1 further comprising
a disabling unit that disables operation of the gear shiit stop-
ping unit.

11. The apparatus according to claim 1 wherein the gear

shift controller moves the gear shift device to return to the first
gear position when the gear shift operation 1s stopped.

12. The apparatus according to claim 1 further comprising
a gear shift continuing unit that provides a signal to the gear
shift controller to continue a previously stopped gear shift
operation.

13. The apparatus according to claim 12 wherein the gear
shift continuing unit provides the signal to the gear shift
controller to continue the previously stopped gear shitt opera-
tion after the timer measures a second time 1nterval.

14. The apparatus according to claim 13 wherein the gear
shift continuing unit provides the signal to the gear shift
controller to continue the previously stopped gear shift opera-
tion after the timer measures the second time 1nterval from
approximately a moment when the gear shift operation was
stopped.

15. The apparatus according to claim 14 wherein the gear
shift stopping unit provides the signal to the gear shift con-
troller to stop the gear shift operation when the timer mea-
sures a third time 1nterval during which the movement sensor
does not sense movement of the gear shift device aiter the
gear shift operation 1s continued.

16. The apparatus according to claim 15 wherein the first
time 1nterval 1s the same as the third time interval.

17. The apparatus according to claim 16 wherein the gear
shift controller moves the gear shift device to return to the first
gear position when the continued gear shift operation 1is
stopped.

18. The apparatus according to claim 15 further comprising
a stop counter that counts a number of times the stopping unit
provides the signal to the gear shift controller to stop the gear
shift operation.

19. The apparatus according to claim 18 further comprising
a prohibition unit that prohibits the gear shift controller from
operating the gear shift device when a stop count value of the
stop counter passes a selected value.
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20. The apparatus according to claim 19 further comprising 22. The apparatus according to claim 21 further comprising,
a prohibition canceling unit that cancels a prohibition caused a prohibition canceling unit that cancels a prohibition caused
by the prohibition unait. by the prohibition unait.

21. The apparatus according to claim 1 further comprising,
a prohibition unit that prohibits the gear shiit controller from 5
operating the gear shift device upon a detected condition. I I
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